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SUMMARY 

A  recently  developed  laser  interferometer  was  used  to  study  the  upper  surface  flow 
over  supercritical  aerofoil  BGK-I  near  its  design  condition.  The  tests  were  carried  out  at  a 
chord  Reynolds  number  of  T  65^  10*  with  transition  free  and  artificially  fixed  at  various 
chordwise  locations.  The  interferograms  were  analysed  to  produce  “instantaneous"  surface 
pressure  distributions  for  comparison  with  conventional  lime  averaged  distributions 
obtained  from  surface  tappings. 

The  results  show  that  the  upper  surface  flow  is  unsteady  with  both  fixed  and  free 
transition.  They  also  indicate  that  artificially  fixing  transition  in  low  Reynolds  number 
tests  does  not  produce  an  accurate  simulation  of  the  high  Reynolds  number  flow  for 
conditions  near  the  design  point. 
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NOTATION 


Model  chord  length 
Total  pressure  of  tunnel  flow 
Mach  number 

Static  pressure  acting  on  model 
Streamwise  ordinate  measured  from  leading  edge 
Thickness  ordinate  measured  from  chord  line 
Model  angle  of  incidence 


1.  INTRODUCTION 


During  the  last  IS  years  many  supercritical  aerofoil  sections  have  been  designed  and  a 
number  of  these  sections  are  now  being  used  on  production  aircraft.  Perhaps  the  most  widely 
tested‘~^  of  these  sections  is  the  profile  designated  BGK-1  designed  by  the  numerical  complex 
hodograph  method  of  Bauer,  Garabedian  and  Korn*.  Although  not  intended  to  be  a  practical 
wing  Section  BGK-1  was  designed  to  closely  resemble  some  of  the  early  semi-empirical  NASA 
supercritical  sections*.  This  similarity  to  practical  empirical  designs  and  the  existence  of  an 
accurately  known  inviscid  design  pressure  distribution  explains  the  popularity  of  BGK-1  as 
a  standard  test  aerofoil  for  wind  tunnels  and  computational  methods. 

Some  of  the  wind  tunnel  tests  carried  out  on  BGK-1  at  a  Reynolds  number  of  l-6x  10* 
and  without  artificial  transition  fixing  show  a  pressure  distribution  at  the  iesign  point  in  strikingly 
good  agreement  with  theoretical  predictions*.  Higher  Reynolds  number  tests'-*  and  tests  with 
artificial  transition  fixing*-*  showed  significantly  inferior  agreement  with  theory.  The  available 
surface  pressure  distributions  and  schlieren  and  shadowgraph  optical  flow  visualisation  photo¬ 
graphs  do  not  contain  sufficient  information  to  explain  these  differences. 

During  1979  a  new  laser  interferometer  system'*  was  installed  in  the  ARL  transonic  wind 
tunnel.  It  was  decided  to  use  the  new  flow  visualisation  capability  provided  by  this  system  to 
further  elucidate  the  nature  of  the  near  design  point  flow  around  supercritical  aerofoil  BGK-1. 
It  was  considered  that  the  availability  of  interferograms  of  the  flow  would  significantly  increase 
the  value  of  BGK-1  as  a  standard  test  aerofoil  for  both  experimental  and  theoretical  methods. 

The  tests  described  in  this  note  were  carried  out  in  the  transonic  wind  tunnel  during  Sep¬ 
tember  !980. 

2.  EXPERIMENTAL  DETAILS 

2.1  Model 

The  BGK-1  aerofoil  (Fig.  1)  model  used  for  these  tests  has  a  chord  of  203-2  mm  and  a 
span  of  532  mm.  The  design  coordinates  used  for  manufacturing  were  obtained  from  Reference  1. 
In  the  range  0-00  ^  xjc  ^0-95  the  coordinates  used  for  manufacturing  were  identical  to  the 
design  coordinates  (Table  l-I  and  1-2).  For  xjc  >  0-95  the  coordinates  were  modified  to  pro¬ 
duce  a  trailing  edge  thickness  of  0- 0005c  (Table  1-3).  The  measured  profile  errors  for  the 
completed  model  are  plotted  in  Figure  2.  On  the  more  critical  upper  surface  the  accuracy  achieved 
falls  within  the  tolerances  suggested  in  Reference  10  for  this  type  of  model  (local  waviness 
<  0  0002c  and  overall  errors  <  0  0005c). 

The  model  was  made  from  a  number  of  pieces  of  steel  joined  rigidly  prior  to  the  final 
machining  of  the  profile.  This  enabled  the  surface  pressure  hole  connections  to  be  made  without 
spoiling  the  windswept  surfaces.  The  model  had  37  pressure  holes  0-4  mm  diameter  in  the 
upper  surface  (Table  2).  The  holes  were  distributed  over  a  span  wise  region  0  19c  wide  centred 
at  midspan.  The  model  was  also  equipped  with  pressure  holes  in  the  lower  surface  but  they  were 
not  used  in  these  tests. 

For  the  tests  conducted  with  fixed  transition  spanwise  roughness  bands  comprising  carbo¬ 
rundum  particles  attached  with  lacquer  were  used.  The  bands  were  1  -  5%c  wide  with  a  roughness 
height  of  approximately  0-ISmm.  The  lacquer  layer  was  0-03  mm  thick  and  the  roughness 
coverage  was  10%  to  20%. 

2.2  TobmI 

The  test  section  used  was  533  mm  wide  and  813  mm  high  (Fig.  3).  Solid  sidewalls  and 
longitudinally  slotted  top  and  bottom  walls  (open  area  ratio  of  16-5%  at  the  model  location) 
were  fitted.  Mach  number  was  derived  from  measurements  of  the  pressure  in  the  plenum  chamber 


surrounding  the  test  section  and  the  contraction  entry,  assuming  these  to  be  the  static  and  total 
pressures  of  the  test  section  flow  respectively. 

The  model  was  supported  by  means  of  integral  end  tongues  fitting  into  slots  in  sidewall 
mounted  optical  glass  windows.  The  pressure  lines  were  brought  through  the  tongues  to  the 
outside  of  the  test  section. 

There  were  gaps  of  0-  5  mm  between  the  ends  of  the  aerofoil  section  and  the  glass  windows. 
Brief  tests  with  these  gaps  sealed  indicated  that  their  presence  did  not  affect  the  results. 


2.3  Instrumentation 

The  model  surface  pressures  were  measured  using  two  “Scanivalve”  pressure  multiplexers 
fitted  with  +33-5kPa  differential  pressure  transducers  referenced  to  tunnel  static  pressure. 
Stagger  scanning  was  used  to  ensure  the  maximum  settling  time  between  readings.  Scanning 
speed  was  14  ports  per  second,  with  free  stream  conditions  being  recorded  after  each  group 
of  12  ports.  The  model  pressure  tappings  and  connecting  tube  between  model  and  scanivalve 
form  a  pneumatic  low  pass  filter  with  a  time  constant  of  the  order  of  1  second,  therefore  pressure 
fluctuations  at  more  than  a  few  Hertz  will  not  appear  in  the  resulting  pressure  distributions. 

The  laser  interferometer  used  is  described  in  Reference  II.  The  field  of  view  available  with 
this  instrument  was  slightly  greater  than  half  the  area  of  the  406  mm  diameter  tunnel  windows. 
The  interferometer  was  therefore  arranged  so  that  the  model  upper  surface  was  visible  and  the 
flow  over  the  less  interesting  (for  this  type  of  aerofoil)  lower  surface  was  not  recorded.  The 
interferograms  obtained  were  analysed  to  produce  surface  pressure  distributions  using  the  method 
described  in  the  Appendix.  The  exposure  time  used  in  the  interferometric  investigation  was 
5  /isec.  so  pressure  fluctuations  at  up  to  about  100  kHz  should  be  reproduced.  A  typical  inter- 
ferogram  is  reproduced  in  Figure  4.  Since  the  fringes  are  difficult  to  follow  in  some  areas  the 
interferometric  data  have  been  provided  in  the  form  of  fringe  tracings  (Figs  5-8  and  10-25) 
rather  than  photographic  reproductions. 

The  arrangement  of  the  interferometer  (Ref.  11)  is  such  that  the  effect  of  vibration  is  to 
uniformly  stretch  or  compress  the  fringe  pattern  in  a  direction  normal  to  the  aerofoil  chord. 
Empty  tunnel  tests  indicate  that  this  effect  is  less  than  one  fringe  over  the  whole  field.  There  is 
no  mechanism  for  mechanical  vibration  to  produce  local  variations  in  the  fringe  pattern.  Previous 
tests  with  the  interferometer  have  confirmed  that  accurate,  reproducible  interferograms  are 
obtained  when  the  flow  is  known  to  be  steady. 

When  comparing  surface  pressure  measurements  with  pressure  distributions  reduced  from 
interferograms  it  should  be  remembered  that  the  former  are  measured  near  midspan  and  the 
latter  are  a  full  span  average  (see  Appendix).  However  at  the  low  incidence  angles  of  these  tests 
the  flow  should  be  highly  two-dimensional  and  the  difference  should  not  materially  affect  com¬ 
parisons  between  the  two  measurements.  There  is  a  possibility  that  unsteadiness  confined  to 
the  tunnel  side  wall  boundary  layers  will  be  visible  in  the  interferograms,  but  since  the  wall 
boundary  layer  thickness  is  small  compared  to  the  tun  width  this  should  not  be  a  significant 
problem. 


2.4  Test  Program 

Previous  tests*  on  this  aerofoil  in  the  same  wind  tunnel  have  shown  that  the  experimental 
design  point  (i.e.  the  test  conditions  which  best  reproduce  the  theoretical  upper  surface  design 
pressure  distribution)  occurs  at  A/  =  0-783  and  o  =  1-7°.  The  present  test  program  was  there¬ 
fore  centered  on  these  values. 

The  difference  between  the  experimental  design  conditions  M  =  0-783,  a  =  1-7°  and  the 
theoretical  design  values  Af  =  0-75,  a  =  0°  is  due  partly  to  the  effects  of  viscosity  and  partly 
due  to  tunnel  interference.  When  corrected  for  tunnel  interference'*  the  experimental  design 
conditions  become  M  =  0-760,  a  =  0-50". 

The  chord  Reynolds  number  for  this  scries  of  tests  was  I  -65 ±0-05  x  10*.  Several  interfero¬ 
grams  were  produced  at  some  test  conditions  to  provide  information  on  flow  steadiness.  (The 
particular  cases  tested  are  listed  in  the  table  below :) 
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M 

a 

Transition 

Figure 

Numbers 

0-783 

1-7° 

Free 

4-9 

0-775 

1-7° 

Free 

10 

0-780 

1-7° 

Free 

11 

0-788 

1-7° 

Free 

12 

0-793 

1-7° 

Free 

13 

0  783 

1-2° 

Free 

14 

0-783 

1-5° 

Free 

15 

0-783 

1-9° 

Free 

16 

0-783 

2-1° 

Free 

17 

0-783 

1-7° 

Fixed  at  2%c 

18-20 

0-783 

1-7° 

Fixed  at  5%c 

21 

0-783 

1-7° 

Fixed  at  17%c 

22  and  23 

0*783 

1-7° 

Fixed  at  37%c 

24  and  25 

3.  RESULTS  AND  DISCUSSION 
3.1  Transition  Free,  Design  Conditions 

In  Figures  5  to  8  four  interferograms  of  the  experimental  design  point  flow  {M  =  0-783, 
a  =  1-7°)  with  transition  free  are  presented.  Pressure  distributions  reduced  from  the  interfero¬ 
grams  are  also  presented  along  with  measured  surface  pressure  distributions  and  the  design 
pressure  distribution.  The  four  measured  surface  distributions  are  very  nearly  identical  and  in 
good  agreement  with  the  theoretical  distribution.  Previous  work^  has  shown  that  M  and  a 
increments  of  0-002  and  0-1°  respectively,  markedly  reduced  the  agreement  with  the  theoretical 
distribution. 

Unlike  the  measured  surface  distributions  the  pressure  distributions  reduced  from  the 
interferograms  showed  considerable  variations  particularly  near  the  end  of  the  supersonic 
region  at  0-4  <  x/c  <  0-7.  The  interferograms  (Fig.  4)  and  schlieren  flow  visualisation  (Fig.  9) 
indicate  that  boundary  layer  transition  takes  place  in  this  x/c  range.  The  interferograms  also 
show  that  away  from  the  model  surface  the  initial  expansion  near  the  leading  edge  (fringes 
sloping  upwards  to  the  right)  is  followed  by  a  region  of  recompression  (fringes  sloping  down¬ 
wards  to  the  right).  This  recompression  terminates  in  the  range  0-4  <  x/c  <0-5  and  is  followed 
by  another  expansion  and  compression.  In  some  cases  (e.g.  Fig.  8)  further  weaker  expansions 
and  compressions  occur  prior  to  the  final  smooth  subsonic  recompression  approaching  the 
trailing  edge.  This  cyclic  expansion  and  compression  is  also  evident  in  the  long  exposure  schlieren 
photograph  in  Figure  9.  Some  of  the  interferograms  (e.g.  Fig.  7)  show  lines  formed  by  the 
confluence  of  fringes  indicating  shock  waves.  Similar  shock  waves  are  evident  in  the  short 
exposure  schlieren  photograph  in  Figure  9.  Two  of  the  reduced  interferogram  pressure  distri¬ 
butions  (Figs  5  and  8)  show  a  pressure  plateau  typical  of  a  sliock  induced  laminar  boundary 
layer  separation  followed  by  a  turbulent  reattachment The  two  others  (Figs  6  and  7)  do  not 
show  a  clear  plateau  but  the  highly  curved  fringes  in  the  interferograms  near  the  model  surface 
in  the  range  0-5  <  x/c  <  0-7  indicates  that  the  boundary  layer  displacement  surface  is  signifi¬ 
cantly  distorted. 

The  conclusion  to  be  drawn  from  the  above  observations  is  that  an  unsteady  laminar/ 
transitional  shock  wave  boundary  layer  interaction  occurs  in  the  range  0-5  <  x/c  <  0-7.  The 
test  Reynolds  number  appears  to  be  such  that  a  significant  laminar  separation  bubble  is  present 
for  some  of  the  time  only.  The  significance  of  the  fact  that  the  time  averaged  pressure  distri¬ 
bution  (as  measured  by  the  surface  tappings)  is  smooth  and  in  good  agreement  with  the  theoretical 
distribution  is  not  clear. 

It  is  suggested  that  this  design  point  flow  may  be  useful  as  a  particularly  difficult  test  case 
for  numerical  Navier-Stokes  equation  solutions.  The  strong  link  between  the  boundary  layer 
transition  process  and  the  outer  flow  would  place  particular  emphasis  on  the  correct  represen¬ 
tation  of  the  physics  of  the  flow  in  the  numerical  formulation. 


3.2  Transition  Free,  Off  Design  Conditions 

At  Mach  numbers  below  the  design  value  and  at  the  design  incidence  (Figs  10  and  II) 
both  the  measured  surface  pressures  and  the  reduced  interferograms  show  that  the  initial  super¬ 
sonic  recompression  is  somewhat  steeper  than  the  design  case  with  a  significant  reexpansion 
preceding  the  final  recompression  to  subsonic  speed.  At  Mach  numbers  above  the  design  value 
(Figs  12  and  13)  the  initial  supersonic  recompression  tends  to  develop  into  a  pressure  plateau 
with  a  final  steep  recompression  to  subsonic  speed. 

At  incidence  angles  below  the  design  value  and  at  the  design  Mach  number  (Figs  14  and  IS) 
the  initial  recompression  is  steeper  than  the  design  case  with  a  pressure  plateau  or  very  weak 
expansion  preceding  the  final  return  to  subsonic  speed.  At  incidence  angles  above  the  design 
value  (Figs  16  and  17)  the  initial  recompression  is  weakened  with  a  rapid  final  return  to  subsonic 
speed  involving  shock  waves. 

The  differences  between  the  measured  surface  pressures  and  those  reduced  from  the  inter¬ 
ferograms  indicates  that,  as  for  the  design  point  tests,  the  flow  is  quite  unsteady  under  close  to 
design  conditions.  Comparing  the  off-design  (Figs  10-17)  and  design  point  (Figs  5-8)  results 
it  is  evident  that  the  time  averaged  design  distribution  evolves  smoothly  from  the  off-design 
distributions  as  the  values  of  M  and  a  are  varied.  As  noted  previously  very  small  increments 
of  M  and  a  produce  significant  changes  in  the  time  averaged  pressure  distributions.  The  inter¬ 
ferograms  and  the  “instantaneous”  pressure  distributions  derived  from  them  show  considerable 
variation  and  it  would  be  difficult  to  distinguish  between  design  and  off-design  conditions  on 
this  basis  alone  (see  for  example  Figs  7  and  10).  This  again  raises  the  question  of  the  significance 
of  the  time  averaged  pressure  distribution  in  an  unsteady  flow.  It  is  tempting  to  consider  the 
time  averaged  flow  as  the  underlying  steady  flow  on  which  are  superimposed  random  fluctu¬ 
ations  caused  by  tunnel  flow  unsteadiness.  The  alternative  possibility  is  that  the  flow  is  inherently 
unstable  and  that  the  time  averaged  flow  is  not  in  itself  a  legitimate  or  possible  flow.  Numerical 
calculations  would  be  valuable  in  resolving  this  question. 

The  off-design  results  (Figs  10  to  17)  show  that  boundary  layer  transition  (indicated  by 
the  appearance  of  the  broken  line  showing  the  visible  edge  of  the  turbulent  boundary  layer) 
and  the  termination  of  the  initial  smooth  supersonic  recompression  are  closely  associated.  On 
the  evidence  available  it  is  not  possible  to  state  which  one  causes  the  other,  if  indeed  they  do 
have  a  cause  and  effect  relationship.  Numerical  calculations  may  also  be  useful  in  answering 
this  question. 


3.3  Transition  Fixed 

Results  of  tests  with  transition  fixed  at  2%c  are  presented  in  Figures  18-20.  This  transition 
location  is  in  the  subsonic  part  of  the  leading  edge  expansion  and  does  not  in  itself  produce 
a  major  impact  on  the  pressure  distribution  or  the  interferogram.  The  resulting  pressure  distri¬ 
butions  and  interferograms  have  some  similarity  with  the  transition  free  results  at  less  than 
the  design  Mach  number  (Fig.  10).  However  previous  tests'*  have  shown  that  the  agreement 
between  the  transition  fixed  results  and  the  theoretical  design  pressure  distribution  is  not  improved 
by  varying  the  Mach  number  or  incidence.  The  most  probable  mechanism  for  transition  fixing 
to  alter  the  design  point  pressure  distribution  is  the  alteration  of  the  effective  section  displace¬ 
ment  surface  by  the  relatively  thick  turbulent  boundary  layer.  This  is  consistent  with  the  known 
sensitivity  of  this  type  of  aerofoil  to  small  changes  in  surface  shape.  Comparing  Figures  18-20 
it  is  evident  that  the  flow  has  significant  unsteadiness.  This  observation  suggests  that  the  unsteadi¬ 
ness  noted  in  the  transition  free  tests  was  not  caused  solely  by  the  presence  of  an  unsteady  laminar 
boundary  layer  separation. 

Moving  the  transition  strip  aft  to  S%  c  (Fig.  21)  does  not  appear  to  have  any  fundamental 
effect  on  the  nature  of  the  flow.  Moving  the  transition  strip  further  aft  to  17%  c  where  it  is  well 
into  the  supersonic  region  (Figs  22,  23)  produces  a  large  disturbance  which  extends  well  out 
into  the  flow.  Despite  this  disturbance,  which  is  clearly  visible  in  the  interferograms,  the  agree¬ 
ment  between  the  surface  pressure  distributions  and  the  design  distribution  is  not  significantly 
degraded  over  the  forward  transition  cases  discussed  previously.  This  flow  disturbance  is  believed 
to  be  due  to  the  change  in  slope  of  the  boundary  layer  displacement  surface  following  transition 
rather  than  the  obstruction  produced  by  the  transition  strip  itself.  This  view  is  supported  by 
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the  inviseid  calculations  of  the  effect  of  roughness  bands  presented  in  Reference  4.  Moving  the 
roughness  band  back  to  37%  c  (Figs  24,  25)  simply  moves  the  flow  disturbance  aft.  The  results 
with  transition  at  1 7%  c  and  37%  c  (Figs  22-25)  all  show  evidence  of  significant  flow  unsteadiness. 


4.  CONCLUSION 

A  recently  developed  laser  interferometer  has  been  used  to  study  the  upper  surface  flow 
over  supercritical  aerofoil  BGK-1  near  its  design  condition.  The  interferograms  have  been 
analysed  to  produce  “instantaneous  surface  pressure  distributions"  which  are  compared  with 
conventional  time  averaged  pressure  distributions  obtained  from  surface  tappings.  These  new 
data  should  considerably  enhance  the  value  of  BGK.-I  as  a  standard  test  aerofoil  for  experi¬ 
mental  and  theoretical  methods. 

The  smooth  “design"  pressure  distribution  noted  in  previous  transition  free  tests  was  found 
to  be  the  time  average  of  a  very  unsteady  flow  associated  with  unsteady  boundary  layer  transition. 
It  is  not  clear  from  the  evidence  available  whether  a  laminar  separation  bubble  is  present  some 
or  all  of  the  time  at  the  design  point.  The  significance  of  the  excellent  agreement  between  the 
theoretical  design  pressure  distribution  and  the  time  average  of  a  very  unsteady  flow  appears 
to  warrant  further  investigation. 

Tests  with  boundary  layer  transition  fixed  with  roughness  bands  indicated  that  transition 
locations  in  the  supersonic  region  caused  large  distortions  of  the  flow  field  for  a  significant 
distance  from  the  model.  Transition  locations  in  the  subsonic  expansion  near  the  nose  did  not 
obviously  distort  the  flow,  but  the  resulting  thick  turbulent  boundary  layer  did  destroy  the 
agreement  between  theoretical  and  experimental  design  point  pressure  distributions.  All  the 
transition  fixed  tests  showed  evidence  of  flow  unsteadiness  which  suggests  that  the  transition 
free  unsteadiness  was  not  caused  simply  by  unsteady  transition  location  or  laminar  sep.iration. 
It  appears  that,  for  this  type  of  section,  artificial  transition  fixing  cannot  be  used  to  accurately 
simulate  high  Reynolds  number  conditions  near  the  design  point  in  low  Reynolds  number 
tunnel  tests. 
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APPENDIX 


iDterferogram  Analysis 


The  basic  expression  for  analysing  interferograms  of  two  dimensional  iscntropic  flows is: 


where 


P 

H 


KPrV'^  \RTq 
H)  K  L  H 


P  =  Static  pressure  at  any  fringe 
H  =  Tunnel  stagnation  pressure 


Pr  =  Reference  pressure  (i.e.  pressure  at  fringe  “0”) 

Ta  =  Tunnel  stagnation  temperature 

L  =  Effective  tunnel  width  (with  allowance  for  tunnel  sidewall 
boundary  layers) 

R  =  Gas  constant 

K  =  Gladstone  Dale  constant 

A  =  Wavelength  of  light  used 

Y  =  Ratio  of  specific  heats 

/V  =  Fringe  number  where  P  is  required. 


For  all  the  cases  presented  in  this  Note  Fringe  “0”  was  taken  to  be  the  first  visible  fringe 
to  meet  the  model  surface  near  the  leading  edge.  The  value  of  Pr  for  this  fringe  was  obtained 
by  interpolating  the  measured  surface  pressures. 

The  value  of  the  parameter  XRjKL  was  obtained  by  analysing  the  relatively  steady  monotonic 
compression  which  occurs  over  the  forward  30“o  of  chord.  Comparing  the  number  of  fringes 
in  this  region  with  surface  pressure  distributions  for  five  separate  test  cases  produced  a  consistent 
value  for  XRjKL.  This  procedure  evaluates  the  otherwise  unknown  effective  tunnel  width. 

The  determination  of  the  fringe  number  N  is  usually  quite  straightforward  if  the  flowfield 
is  worked  through  methodically  starting  with  the  reference  fringe.  However  when  shockwaves 
appear  they  tend  to  subdivide  the  flow  into  separate  regions.  Fortunately  for  all  the  cases  pre¬ 
sented  here  the  shock  waves  were  sufficiently  short  for  an  unbroken  fringe  to  be  found  over 
the  top  of  the  shock  effectively  linking  the  two  regions. 

All  the  shock  waves  present  in  the  tests  reported  here  are  considered  to  be  sufficiently  weak 
for  the  above  isentropic  analysis  to  give  accurate  results. 


6y  =  Measured  ordinate  —  Manufacturing  ordinate 
(positive  for  excess  metal) 
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FIG.  5  INTERFEROGRAM  AND  PRESSURE  DISTRIBUTIONS 
M  =  0.783.  a  =  1.7°,  TRANSITION  FREE 


FIG  7  INTERFEROGRAM  AND  PRESSURE  DISTRIBUTIONS 
M  =  0.783,  a  =  1 .7°,  TRANSITION  FREE 


Exposure  time  =  20  m  sec 


FIG.  9  SCHLIEREN  PHOTOGRAPHS 
M  =  0.783,  a  =  1.7°,  TRANSITION  FREE 
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FIG.  10  INTERFEROGRAM  AND  PRESSURE  DISTRIBUTIONS 
M  =  0.775.0=  1.7°,  TRANSITION  FREE 
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FIG.  1 
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INTERFEROGRAM  AND  PRESSURE  DISTRIBUTIONS 
M  =  0.780,  a  =  1.7^  TRANSITION  FREE 


Design 


From  surface  tappings 


FIG.  1 
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INTERFEROGRAM  AND  PRESSURE  DISTRIBUTIONS 
M  =  0.788,  a  -  1.7",  TRANSITION  FREE 
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FIG.  14  INTERFEROGRAM  AND  PRESSURE  DISTRIBUTIONS 
M  =  0.783,  a  =  1.2°.  TRANSITION  FREE 
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FIG  25  interferogram  AND  PRESSURE  DISTRIBUTIONS 
M  =  0.783,  a  =  1  7°,  TRANSITION  AT  37%C 
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various  chordwisc  locations.  The  interferograms  were  analysed  to  produce  “instantaneous” 
surface  pressure  distributions  for  comparison  with  conventional  time  averaged  distri¬ 
butions  obtained  from  surface  tappings. 

The  results  show  that  the  upper  surface  flow  is  unsteady  with  both  fixed  and  free 
transition.  They  also  indicate  that  artificially  fixing  transition  in  low  Reynolds  number 
tests  does  not  produce  an  accurate  simulation  of  the  high  Reynolds  number  flow  for 
conditions  near  the  design  point. 
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